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. Introduction1

Several optoelectronicapproaches have been proposed for measuring the
high-speed transient response of electronic de~ices and circuits [1]-[41.
Most of these approaches,however, cannot be used to perform on-chip
measurements of silicon integrated circuits ‘becauseof process incompati-
bilities. This paper describes measurements and analysis of integrated
polycrystalline-siliconphotoconductors (PCES) that have been developed
to perform high-speed measurements on silicon substrates,
The development of inf.egratedPCES for ultrafast electricalpulse gener-

ation and sampling on silicon substrates has been previously reported [51.
These PCES, when stimulatedwith femtosecond dye laser pulses, can be used
for high-frequencycharacterizationof silicon integrateddevices, inter-
connects, and circuits at frequencies up to 100 GHz, and with time reso-
lution as short as one picosecond[5],[6].
Here we report experimental and modeling studies of on-chip photocon-

ductor pulse generation and sampling. Specifically,we discuss a) the
effect of ion-beam damage on carrier lifetime and sampling-aperturetime,
b) the circuit limits to pulse risetime, and c) the room-temperature
stability of ion-beam-damagedsampling gates,

2. PCE Fabricationand Measurements

PCES were fabricatedas pulsing and sampling elements in an integrated
circuit microstrip transmission-linetest structure (see Fig, 1). The
transmission line structural consist of 0.8-micron-thickaluminum con-
ductors in 50 and 100 micron widths on both p and n-type silicon sub-
strata. Substrate resistivitiesvary between 6 and 14 ohm-cm, The PCES
themselves are fabricated in a 0,5 micron undoped polysilicon layer de-
posited on a field oxide by low-pressure-chemical-vapor-deposition.
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Fig, 1, Schematic diagram of

on-c,lip-photoconductorl
interconnecttest
structure
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A PCE is a rectangular area of polysilicon with metal lines contacting
opposite sides of the rectangle. High dark resistance is achieved by
using undoped polysilicon, After the polysilicon layer is patterned, the
wafer is subjected to a high temperature ann@al (llSO°C for one hour in
an Argon ambient) to increase the average grain size and improve carrier
nobilities within the photoconducting region [71, [8]. Aluminum t~-ansmis-
sion lines are deposited and patterned following this anneal.

To study the effects of ion-beam damage on carrier lifetime and sampling
aperture time of the PCES, the PCE photoconductive regions were irradiated
with 250 KeV silicon to doses of 1.5X1014, 3.0X1014, and 5,0X1014 cm-2.
Implant doses of these magnitudes are not sufficient to amorphize silicon,
but produce a point defect density of approximately 5 X 1022 cm-3, Sili-
con is used as an implant species because it is electrically inert within
silicon and has a sufficiently low critical energy (162 KeV), Ec, to be
within the capability of common ion implanters. Ec describes the implant
energy for a particular species above which the induued damage is primari-
ly the result of nuclear collisions, which cause the most latti$e dis-
order, and hence the fastest carrier relaxation times, Because the amount
of damage is only a weak functiun of the implant energy above Ec, the num-
ber of trapping sites (and, thus, the photoconductor recombination rates)
can be tailored within a limitrd range by controlling only the dose for a
particular implant species and energy [81.

3. Experimental Results and Data Analysts

The measurement technique utilized in this work is the same as repnrted
in [61, [81. Here we use the characteristics of the correlation signal to
characterize the PCE response, The risetime of the correlation signal is
used to determine the effect of the ion damage and circuit environment on
the performance of the PCE. All correlation measurements are taken at the
second sampler (signal propagation distance = 500 microns, see Fig. 1) in
order to avoid local modes near the pulse generator as well as dispersion
[91.

The microstrip test structures were fabricated in both 50 and 100 micron
widths . These line widths, along with the physical characteristics of the
substrate, produced transverse electromagnetic (TEM) impedances of ap-
proximately 92 and 76 ohms, respectively. Both structures use a 10-micron
gap in the transmission line for the active region of tt.epulsing photo-
conductort
Figure 2 shows the measured risetime of the correlation signal plotted

versus transmission-linewidth. The measured data is presented with
sampler implant dose as a parameter and contains experimental. errors
estimated to be +/-0,5 picosecond:. Prior experimentalwork [6],[81 has
shown an inverse relationship bctwoen the dosQ and recombination rates i?
ths PCEo This is also confirmed by these measurements, In going from a
sample dose of 1,5 x 1014 cm-2 Si to a dose of 3 x 1014 cm-2 the risetimes
of the correlation signals decresse for both the 50 and 100 micron-wide
test structures, If the dosago is increased further to 5 x 1014 cm-2 cir-
cuit limits in the 100 micron-wide line mnsk any decrease in risetime due
to shorter carrier lifetime, In contrast, the 50 micron-wide line shows
a decrease in risetime for this higher dose. From this observation we
conclude that for the 100 micron-wide test structure the optimum dose of
250 keV silicon is between 3 x 1014 and 5 x 1014 cm-2. Thn Faatest re-
sponsa pogsiblo for tho 50 micron-wide structures rwmains to be deter-
minodt

The results of the measurements on the 50 micron-wido line indicate
that the structure 1s not circuit limited while the lW-micron-wide line
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Fig. 2. Plot of correlation
risetimes vs line
width for 3 implant
doses

5 1 1 , 1 1
0 25 50 75 100 #

LINE WIDTH [~m)

stmcture becomes circuit limited at 5 X 1014 cm-2. In our previous
carrier relaxation times within tha PCES limited observed response.

work,
Then

we approximated PCE response as an initial risin8 step that decayed expo-
IIeII~Aally. The rising edge of the correlation signal was due only to car-
rier relaxation within the sampler. In the circuit-limited case, this
assumption is invalid. lie must use more rigorous techniques to analyze
the data. We accomplish this by implementing available PCE [101 and
microstrip models in an analysis program, HIPCEM (Flicrost.ripand
PhotoconductiveElement Hodelling program [81).

We performed computer simulatims of our experiments with MIPCEM to as-
sess the validity of the models and to determine the relaxation times in
the sampling gates. In the fits only the recombination ratas within the
sampler and pulser PCES were varied. The results of these simulation are
summarized in Table I. The simulations agree very well with the data.
In all cases, it was possible to extract the recombination parameters of
the PCES from the 50 micron-wide structures and use them to predict the
measured response on the 100 micron-wide structure within experimental
and model error.

Figure 3 shows ● series of measurements taken six months after the data
of Fig. 2, plotted in comparison with the initial measurements. The in-
creuse in the response time of the PCES is
annealing of the implant damage ovor a six
wide variation in response.

due to the room temperature
month period. The data show a

Fig, 3. Same as Fig, 2 except
results taken six
months after damage
implant are also
plotted
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TABLE

Imwlant DosaRe

1.Sxloldcm-z
Measured
Shluhted

I- HXASURED VERSUS SIHULATSD

Rioetime
so-w

8.0 pa
(T=3.7PS) 7.8 pm

Relative Error - 3.0 %

3. Oxlo%nd
Measured 7.3 ps
Stilated (?=3. OPS) 6.9 p9
Relative Error 6.0 %

5.OX1O14CCI-2
140asured 6.7 PO
Siculated (7=2.8pa) 6’.7 p8
Relative Error 0.0 %
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